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We argue that compatibility with elementary particle physics re-
quires gravitational theories with torsion to be unable to distinguish
between orbital angular momentum and spin. An important conse-
quence of this principle is that spinless particles must move along
autoparallel trajectories, not along geodesics.
1. Universality principles provide us with important guidelines for construct-
ing candidates for fundamental theories which have a chance of being true.
For example, an essential property of Maxwell’s theory is that electromag-
netic interactions depend only on the charge of a particle, not on the various
physical origins of charge. The charge of an ion is composed of electron and
nuclear charges, the latter of proton charges, these in turn of quark charges,
which eventually me turn out to arise from further charged substructures.
The motion of a charged particle in an electromagnetic eld does not depend
on these details, which are subject to change by future discoveries. An atom
moves like a neutral point particle, in spite of the completely dierent origins
of electron and proton charges, the exact neutrality of an atom being the very
basis for the electrostatic stability of large gravitational bodies (and thus for
the existence of theoretical physics).
The irrelevance of the physical origin of the \charge" of gravitational
interactions, the mass, led Einstein to the discovery of a geometric theory
of these interactions. Just as electric charge, also the mass of a particle has
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a multitude of origins, arising from the masses of constituents and various
eld energies holding these together. Gravitational interactions depend only
on the total mass, and this property makes all particles run along the same
trajectories, which can therefore be used to dene a geometry of spacetime.
In Einstein’s theory the independence of the physical origin of the mass is
ensured by the fact that the Einstein curvature tensor is directly proportional
to the total energy momentum tensor of the theory. Its precise composition
depends on the actual status of elementary particle physics, but the motion
is invariant with respect to this composition, and thus to future discoveries
on the internal structure of the particles.
The universality of weak and color charges was an important principle in
the construction of unied theories of electromagnetic and weak, as well as
of strong interactions.
2. Since a number of years, theoreticians have enjoyed the idea that the
geometry of spacetime may not only be curved but carry also torsion. The
line of arguments leading to this idea was that Einstein’s gravity may be
viewed as a gauge theory of local translations. These generalize the global
translations under which all local theories are invariant in Minkowski space-
time. But the latter theories are also invariant under the larger Poincare
group, the group of translations and Lorentz transformations. It therefore
seemed natural to postulate the existence of a second gauge eld which en-
sures the invariance under local Lorentz transformations [1]. As a result one










whereK is the contortion tensor, containing the torsion in the combination
K = S−S+S . The tensor ;  is the local spin current density.
Consider now a particle at rest in a Riemann-flat space with euclidean
coordinates x = (x1; x2; x3) = (q1; q2; q3) and time t = q0, in which there




ijkbk; @ibi = 0; (2)
where ijk is the Levi-Civita tensor. The divergenceless vector b will be











For a particle at rest, the factor to the right of bk is the spin vector Sk of a




b  S: (4)
This looks just like the interaction energy of a unit magnetic moment with a
constant magnetic eld, and for that reason we shall refer to a torsion of the
type (2) as magneto-torsion, and the eld b as torsion-magnetic eld. From








describing a precession with frequency ! = jbj=2.
The microscopic origin of the spin of the particle is completely irrelevant
for this result. The spin, being the total angular momentum in the particle’s
rest frame, is composed of the orbital angular momenta of all constituents and
their spins. The details of this composition depend on the actual quantum
eld theoretic description of the particle. A -meson, for instance, has unit
spin. From the hadronic strong-interaction viewpoint of bootstrap physics,
the unit spin is explained by  being a bound state of a pair of spinless pions
with unit orbital angular momentum. In quark physics, on the other hand,
 is a bound state of a quark and an antiquark with zero orbital angular
momentum, with spins coupled to unity.
Thus, in the quark description, the spin of a -meson in a torsion eld
(2) will precess. Clearly, a theory of gravity with torsion can only be consis-
tent with particle physics, if the same precession frequency if found for the
hadronic description of  as a bound state of two spinless pions.
For present-day theories of gravity with torsion [1], this postulate presents
a serious problem. In these theories, the energy momentum tensor T (q) of






(q) = 0; D  D + 2S ; (6)
where D is the covariant derivative involving the Riemann connection Γ,
and D the covariant derivative involving the full ane connection Γ =
3
Γ +K. It is obvious from the torsionless left-hand part of Eq. (6), and
was proved in Ref. [3], that such a conservation law leads directly to geodesic
particle trajectories for point-like spinless particles, governed by the equation
of motion
q¨ + Γ
 _q _q = 0; (7)
where q() is the orbit parametrized in terms of the proper time  .
This motion is not influenced by torsion. As a consequence, the spin of a 
meson at rest would not precess in the two-pion description, in contradiction
with the quark-antiquark description. Since both descriptions are equally
true, we conclude that geodesics cannot be the correct trajectories of spinless
particles.
3. The discrepancy can be avoided by another option for the trajectories of
spinless particles in this geometry. These are the autoparallels, which obey
an equation of motion like (7), but with the full ane connection:
q¨ + Γ
 _q _q = 0: (8)
The conservation law for the energy momentum tensor of a spinless point
particle leading to autoparallel motion is [8]
DT
(q) = 0: (9)
In a flat space with torsion, Eq. (8) becomes
q¨ + 2S _q
 _q = 0: (10)
Specializing further to a constant magneto-torsion (2), we obtain _q0 = const,
and nd for the spatial motion in euclidean coordinates the equation
d2
dt2
x = − _x b: (11)
Thus the constant torsion (2) acts on the orbital motion of the spinless point
particle just like a Lorentz force. It is well known from electrodynamics, that
this Lorentz force causes a precession of the orbital angular momentum of an
electron. Its frequency is determined by the magnetic moment of the orbital
motion, whose size for a certain orbital angular momentum L is half as big as
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that of a spin S of equal size. The precession frequency following from (11)
is therefore ! = jbj=2. To show this we simply observe that (11) follows from
a Lagrangian L = _x2=2 + a  _x, describing a particle of unit mass moving in
a torsion-magnetic vector potential a = b x. The associated Hamiltonian














The smallness of the gravitational coupling makes torsion small enough to
ignore the last term. From the second term written as −1
2
b L calculate from








which is the same as Eq. (5) for the spin, leading to the same precession
frequency ! = jbj=2.
A similar study can of course by performed for an electro-torsion eld
Si0
0 = ei=2 with ei = @ia
0, so that the autoparallel dierential equation (10)
can be rewritten as
d2
dt2
x = −e− _x b; (14)
thus extending (11) to an analog of the full Lorentz equation. The Hamil-
tinian (12) contains then an extra electro-torsion term a0.
Let us compare this with the couplings in proper magnetism, where in
analogy to the universal coupling of an electric eld to the charge of a particle,
a magnetic eld B couples universally to the magnetic moments. For orbital
angular momenta and spin, however, the magnetic coupling is nonuniversal.
Consider atomic electrons. They have a gyromagnetic ratio g = 2 caused
by the Thomas precession, so that the magnetic interaction Hamiltonian is
(ignoring the anomalous magnetic moment)




where B is the Bohr magnetic moment (using h = 1). In a weak magnetic
elds, an atom has an interaction energy −gBBM , with the gyromagnetic
ratio g = 1 + [J(J + 1) + S(S + 1)− L(L+ 1)] =2J(J + 1), which causes the
characteristic level splitting of the Zeeman eect.
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4. It is useful to set up a new action for a Dirac eld which is compatible


















where a0 is the electromagneto-torsion eld (a0; a). It is a gauge eld
whose four-curl yields the torsion, S
0 = @a
0− @a0. The action is
gauge-invariant under a
0 ! a0 + @ with a simultaneous transforma-
tion  ! e−iγ
0=2 . The 4  4-matrices  
i
4
[γ ; γ]− are the genera-




 [γ;]+ . Here [ : ; : ] denotes commutator and anticom-
mutator, respectively, and all quantities have standard Dirac notation. Now
we use the Gordon formula
u(p0; s03)γ











to calculate between single-electron states of small momenta p0 and p with







A(x)  (p+q−iq S)






where we have omitted the product of the spinors u(p0; s3) and u(p; s3), for
brevity, since we shall immediately take the limit p0 ! p where u(0; s3)u(0; s3).
Before this, we convert q into a derivative of e−iqx, then via an integration by
parts into a derivative of A(x), and using the vector potentials A = 1
2
B x
and a = 1
2





B B  (L + 2S)−
1
2
b  (L + S)−Ma0

: (19)
Thus in the nonrelativistic limit, the electron follows the equation of motion
Eq. (14), running precisely along the autoparallel (10). To complete the
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analogy with magnetism, we make the dimension of the magnetotorsion eld
equal to that of the magnetic eld by dening






where G = hc=M2P , and MP is the Planck mass MP = 2:3896210
22M . The
torsionmagneton is the same factor smaller than the Bohr magneton.
Note that in present-day gravity with torsion [1, 2], the term 1
2
b  L is
absent in (19), while 1
2
bS is present, in violation of our universlity principle.
5. It is obvious how this theory can be extended to a more general tor-
sion eld, which arises from a gauge eld a
. We simply replace the term
a
0@0 by a
@, and arrive at a gauge theory with the generators 1; i@; .
The 4 4 -matrix gauge eld





combines the gauge elds of electromagnetism, of local Lorentz transforma-
tions, and our new gauge eld of torsion a
. The 4  4 -matrix curvature
tensor
r = @v − @v − [v; v ]−: (23)
contains the electromagnetic eld tensor, Cartan curvature, and torsion.
There is no problem in extending the resulting eld action to spaces which
are not Riemann-flat by including also a gauge eld of translations h
, whose
square gives the metric g = hh






d4x  (x) [γh
 (i@ − v)−M ] (x) (24)
is now fully compatible with our universality principle. It remains, however,











An extension by a torsion of the gradient type is always possible along the
lines explained in [8, 9].
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6. Einstein’s theory of gravitation respects our principle of universality of
orbital angular momentum and spin. Take, for instance, the gravitational
eld of a spinning star which exerts a rotational drag upon a distant spin-
ning point particle (Lense-Thirring eect). The deviation of the metric from




+ : : : ; ji(x) = 0;
0i(x) = i0(x) = 2
G
c3r3
(x J) + : : : ; (26)
where G is the gravitational constant, M the mass, and J the total angular
momentum of the star at the origin, obtained from the spatial integral over











d3x[xiT j0(x; t)− xjT i0(x; t)]: (27)
The energy-momentum tensor on the right-hand side receives contributions
from both orbital as well as spin angular momentum. Thus, a nonrotating
polarized neutron star with total spin S gives rise to the same Lense-Thirring
eect as a rotating star composed of spinless dust with purely orbital angular
momentum J = S.
Conversely, a spinning test particle in an external gravitational eld g(q)
is only coupled via its total energy-momentum tensor T (q). In the rest-
frame of a particle, the o-diagonal matrix elements of T (q) receive equal
contributions from orbital and spin angular momenta.
7. In conclusion we see that only autoparallel trajectories comply with the
universality principle of orbital and spin angular momentum. This princi-
ple guarantees our ability to predict the gravitational behavior of particles
without detailed knowledge on the source of their spin in terms of its funda-
mental constituents. In fact, this knowledge will probably never be available
completely, since every new generations of physicists discovers additional
fundamental particles.
The theory of a Dirac eld dened by the action (24) leads to a consis-
tent description of an alectron in a gravitational eld in which the torsion
is restricted to the four-curl type (25). It will be useful to study the new
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conservation law of the energy momentum tensor show that the resulting
trajectories are autoparallels. The eikonal approximation to the wave prop-
agation should conrm this.
The inclusion of a gradient torsion into this theory is no problem [8, 9],
so that there are only a few torsion degrees of freedom for which the coupling
to the Dirac eld is yet unknown.
Let us end by remarking that autoparallel equations of motion can be
derived from the standard action of a classical point particle action via a
modied variational procedure [4, 5], or by an embedding of spaces with tor-
sion in a Riemannian space [6]. The geometric basis for these ndings was
extrapolated from the theory of defects in crystal which play the same geo-
metric role as curvature and torsion in gravity [2]. A nonholonomic mapping
principle was found [7, 8] to transform equations of motion from flat space
to those in spaces with curvature and torsion. This was a necessary step
in solving another fundamental problem, the path integral of the hydrogen
atom [7].
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